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(57) Abstract: An optical system capable of adjusting the rotation-asymmetric optical characteristics (for example, rotation-asym- 
SlST^T m **f c *l oa e ™ component) with respect to the optical axis of the optical system wfthout degrading 
!Z 8 i erf0rmanCe ^ *« effect of double ref ^tion. In this optical system, a toric lens formed of fluorite and hav^ta- 
.on-ajmmetnc power and a coirected lens formed of fluorite form a pair, and the corrected lens is disposed so that the crystal axis 
tZZL re,ationshi P with res P ect *> tto crystal axis of the toric lens. The toric lens and tte^orreS 
ZiZI^ T Un l th f ^ ^ and movable across a» optical axis, and the predetermined positional relationship cmbe 
maintained even when the toric lens is rotated and moved. p DC 
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tab, %im&)-vnt£\,^ 0 

i±mte®mytm%k&nm.-tz&m*K ^jx.f«H#fF6, 262, 793^8 
xm<D?tmi&i±ft¥m*<Dtfmt vxmtE^x-'^mcm^^fvx^tc^xn, 

{^tuV^y^K (^^:CaF a ) \ 7vit/<WJ* (BaF-,) , ^(D^(07yit 

b^)^L^^^ s 2 0 0 1^5^ 1 5 B^M^tLfcy y 7=7-7 (C|8-T5^>/-K 
n. i>, (2nd International Symposium on 1 5 7nm Lithography ) $5 V ^ T N ^ IS N 
I STWJohnH. Burnett <b«, ^MfiHW^JSifr ( intrinsic birefringence ) tfS ' 

m^comsum, m^wi ciii] ft tit c-iii] , 
[l-ii], [ii-i] Mt5{c^ H B B tt [ioo] ^rr^s^cin^^tf 

[0 10], [0 0 1] #faT-|2P:^T?fc3;6v ^^^^^TRJT-fill 

If ft ^ -e ft v MS £• i~ $ o 

gfatttllO], [-110], [101], [-101], [01 
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13. CO 1 - 1] (D6^^]-Vl^ 5 7 nml^LTt^T?6. 5 n m/ 

cm, t^l 9 3nm(u^LT«^T*3. 6 n m/ c m©Iffl|lf^t^tt5 0 

T% tol^&^fc^otL&a^ tihSMtt'Cl 1 1] £ 3fett 5 osas 

HAtt [111] ^^feSS^M^fc^^^^X^o^iitt^^^^-^iSig 

2 6 2, 7 9 3^$B^^$ttfc^^^^-C^$nfcl/^XSr^-r5^3fe 
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mz^zfa&K^ttmfribmj&zti. %^<D%m (ax) k^ltieme^**^ 

*^l7-S:*-r**-3fe*»«- (L2, L3, L6, L7) £ % 2 0 0 n 

(L2\ L'3, L6, L7) £>&ft*)i| £ @f J£© #1*138^ -5 <£ 9 IBS $ 

iim<itlo©»r3t^ (Ll, L4, L5, L8) bZ^ttZt* 
LTV^5 0 

0 0 nm^T<Z>^ft03tf-*f LT^a^ftt^WbTt, -tO«»*s<i«$n<5. 

Sfc, *»»Ol-0*AKJ:5mB, (L 2, L3, L6, 

L7) XOt»-3t^fe«»fl- (LI. L4, L5, L8) £ BFftOttH 

^^r^ofc^^. %M (AX) ©^DtcliHEBr«e^«fife$tb, Xtt, m-ft^gB 
tt (L2 S L 3 , L6, L7) &tf|£-ft^gp;# (LI, L4, L5, L8) tfS, 
»*tt*^£<ZMtt«H««rfifcofc*Su ft^ (AX) **$05;fr6ifc»»T?rfBte 

£fc> J: «3te^*T?f4, ^-3fe^Si5tt (L2, L3) » 

tf»-3t^*Btt- (Ll, L.4) 5fe^OAIt«{H!l^IBM$tt, SS-ftS&mt 
(L6, L 7 ) RXf&-ftt£&itt (L5 % L8) 3fe^3R©ttB5Xtt-t<Djfi# 
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*»WO»~©«j*teJ:53fc^*-Ct4, *-3te^SP*t (L2, L3, 
L6, L7) 3te3*S$©3te*& (AX) lzU&-r%wHK:&^XK^lzm$i-tZ> 

6, L7) fcAltr***atf«|-**»«- (L2 S L3, L6, L7) (31 
■fS3tmi:t&SBflSW^©3fc«i (AX) k<Dt£-tft& s 2 0 ^T(£l£5££ ttS c 

«P^£0g-O^{U53fe^T-tt, m-3fe^$P# (L2, L3, L 
6, L7) Xoefc-fc^fl. (Li, L4, L5, L8) tf % *®ttAtt [l 0 

0] xizm&m [100] t^wid^tt^tsatti:, ^^©^ (ax) t 
&m$-mv, j.o, (ax) &*>t>kvxm*4 5&t£ntott#)izmmi, 

tztiLWmm*^-tZ>£ 5fcE«S*L«a», ^L<fi > *;4>#fA4tt [1 1 1] Xtt 
&A4A [1 1 l] *3fe*ttte#ttfc#A*&£, ft^^fttti (AX) ^ISfi?- 
Su - § -°^ *•« < AX ) Sr + ^t Ltliff6 0^fe*^*f6*)lclHli^Ufefi:S§i 
ff«rtt5*5fcEI$*iSi», Xtt, *:©jgrA«l [110] XtttigAtt [1 1 
0] ■ £3fe^Wlc^ffifc*SAtti:, (ax) iisstf-ftb, lo v 

(ax) t+frt UTBiafg o**:ittt#«nc0tebfcffi«B«**i-s J: 

6. L7) &tf*-*^»*t (LI, L4, L6; L8) 0M%*tm*s % 7 
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*ftW(Dm-<Dm&JZ£Z>%:*£Ki-Z^ (AX) {£&o Xmm<D?t^1$tftf 

B B a3fe^W5jsf^e>^^n. (AX) ic^Lr©^^/^?--^ 

^■tZm-ytmifttt (L2, L6) ^2 0 0 nm^TW3tm^lcl 

mz&zmgkft^tfmfrbxmzti. m^m^m-^^u (L2. l6) 

(LI, L5) b, m&&2 0 0 nmMT<Dft*mMftlcmi&£^%fa&ft*£tt 

Wrfatbi&f&tstb, jtm%k<D%m (ax) \^n\^xmm^¥nm^y<v-^-r^m 

(L3, L7) WL&fr 2 0 0 n m^Ttf>3fc£rlifC#nc:jgi© £ -£<5 
^ft^^^jfc^, ^fTa^fgHft^MJ- (L3, L7) O^alttl^Eff 

fe<D\iLum&*^~tz> «£ 9iae$n/c^>^< <t t> 1 ^xDmmyt^nu (L4, l 

8) bfr^trZ b&%fUbVX\,^ 0 
£fc, ^eJO^-Oll^tCct S^^te, M-3t^g|3*t (L2, L6) S.T>* 

jg-ft^w (Li, L5) , m.mz^ m^yt^uw (L3 % l7) sti^H^ 

3&«B$T (L4, L8) ro^^nilW, tittiMMttii^ofc* ' 

3t*A (ax) (Dmy^mm-zimKmm&fr, xit, m-ftmiam (L2, l 

6) XtJtSK-3t^SP*t (LI, L5) , MWC, JSHft^gBt* (L3, L7) X 

t/fgeg^mt (L4, ls) ©'>/£<Hiia^ % ifc&ifobffife<DiiLwm&* 

^ofc*^, 3t$A (AX) Sr«§JS^lPjl^»Rri6lc«^$tb5r b*W\Wib L 

(L1-L4) *K ^^^OAtt*iiliCiaS$tL, m-7fe^SPW^b^Eg5fe^$u 
U (L5~L8) tf^ ft^^IMXte^ifi^fciBag^nsr: b*mWb Lt 

:it\ *||P|^IZ©^ia5^-Clt WfM (L2, L6) 
RVm^yt^Utf (L3, L7) %^(D%m (AX) (Ci£^-rS®rt<C^ 
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*»wo*-©«/Siicia3fc4fe3Rtt % $fs-3fc^«M>t (L2 ^ L6) xu? 

£ = 3fc¥SM* (L3. L7) tCAIt-f S3t*MVK:^— 3t^«5«" (L2, L6) 

(L3, L7) *aflM-afc*£ % ifiXO^N (AX) * © 

^-^SP** (LI, L 5) -?rO^ B B s $ft [ 1 0 0] Xttfl* [10 0] <t 

3te^©ft«i (AX) iras»Sf3f— ffcu J.o, ftftb 
(AX) Sr^fri LTfStaU 5 9tt£VntttfHcmm b/bfifc«KI«*^i- -5 £ 9 

(L3, L7) RXfi&Wft&toW (L4, L8) f±, ^ 

o&Att [100] [100] kX&tfy£.*$mt£&A1*b. 3fc*£3R© 

ytm (ax) k&mz-mv, (ax) l--c«»*4 s^^tt 

[111] X«|g H s H $ft [111] ir^Wtc^fflfi^jjgSWi:, 3fe3M5<03te«i (A 
X) £tfMSI3f— i&:U lo, (AX) LTIIIJ 6 0 mtZftfttttolz. 

IeI^Lfc{55[fiBa^SrW-rs d: 5 tdfafi£*i3/K Xtt, ^r<£>££ B B B $iii [1 1 0] X 
tt&ifgtt [1 1 0] *3te^Wfc*/fifi*j&Att£, 3te3^tf>3fetti (AX) k&&& 
-»U E.o, (AX) Sr*ifr£ Ltl5[^9 O^iWftttWlciEME L-fcffifll 

m-ytmmu a 1, l 5) [111] xaHAN [111] k 

x.^ft^mffitete&mk. %^(D%m (ax) k&mz-^, _§_o N 
(ax) vxm$ 6 o^fc^t^^jctHitebyt^gBa^^^-rs.t 5 

S&Hft^g&tf (L3, L7) iRUtJRiaate^fflJtt- (L4, L8) * 
©*g£«r [1 0 0] [l 0 0] tft^ttKi^fiSfcj&fittii:, tft^(D 

Jtm (AX) fcriMStf-ifcU J.o % Km (AX) «r*ifrfc LTB«4 5ft«T»t 

[111] XttlNItt [111] fc3fc^Wfc-*ffifcttft*fcfc % 3t^5R©3t«fc (A 



WO 03/023481 PCT/JP02/08726 

8 

X) k&mZ-WcV^ JLo, ftft (AX) &f>bb LT»Sf3?6 0 mtZl+fttt&)\Z 

®&i-fcfowmm$:&-r z x o izmwztiztK x«, [1 1 o] x 

te^tUtt [i i o] tK^Mzmmtem&mt. yt^m^ytm (ax) ^isf* 

^PJ(7)^-^m^(c«J;S3fe^tt, m-yt^UU (L2, L6) 

m-^^w (Li, L5) tK ^vm&m [i 1 1] juimmmi [no] t 
^mcmm^^mt. ^m^ytm (ax) ^{j^-^u. to, 

--^ ^H5t^$B*t (L3 X L7) XtrarEg^SStt (L4, L8) tt % * 

<^ H B 0 # [ioo] xttfcNMtt [ioo] ft^Tho 
ftU (AX) £tfS{5f3f-@:L, lo, ftft (AX) Sr^^i: LTf5^4 5mtzif 

[ill] [111] *#¥»fc#«fcite*»|ii:, #9636©3fc*& (A 

x) ^ansfaf-ffcu j.o, (ax) &*p>ij>k^Tm&6 omtcvmttwjic 

[1 10] ^3te^W»c«Sffl6^fi«ii: % (AX) b&m* 

— §5:U E.o, ftfft (AX) Sr^ifrt LTI5^9 Oft^ftttBStWKiHtebfcKfcil 

J: S3fe9t*-Ctt, bMBHt&mtt 
(L1~L4, L5~L8) <D^ H B B ^^TO^, "7 * A^te 7 s/ffc^ 

(PL, PL1) -e&oT, -bl5<DfprtL^»CfS«fe©^^Sr^x.T^-5 
^t5?^^7f-^ (RST) £ % ^TfettS^ (W) ^fZSC^fSS^ 

^x-v 5 (wst) m—ancKJtSftfc^** (R) zmwirzMwytmzk 
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(i os) ts (r) (Ds<*-^j$L$:mytm&fa (w) \z&&mit-tz>± 

Ks>«IStt¥* (PL, PL1) im*Ctt»li:Lt^«. 

©'^-^fcflRftttXtt (W) <5«#Xg (S2 6) fc, I3felgia 

5«3te*tbfc3fctta£« (W) &3Mfe-r53ifcXg (S2 7) 

M, *»Wic*5^r, *- (* = ) m^ilz (meg) £j»tr&*3feM 

3) ft^mtR&m- (mm) ytmm^if^ytmtitm^^^^^hti 

frffife<Dm&$t\ (MZ.t£. [010], [001], [01-1], Xfi 

[Oil] ) RI±0**fcSr*^i Lfc4§#W***#»3:»3r4 51^5:^1 

*i-s 0 i^Ss ^h b b # [ioo] Srattt^-rs^^tt. ufcttJBtf 

5^+ (nX9 0^) ^»tffi*fWtJi|HllEbfcffi«B8«ft-W"t-5 - <!: iRtSft-e 

*3S^tc*5VNT, (IE) 3fe^Mi:fZ (KIGg) 3fc9*$BW£: #3te 

•hSrf^i LTI5IJ6 0^fc^ti^^{C|p]^L.fc^«K^^^-r^ 

&nfc^<0*N!rt* (0»Jx.li, [-ill], [11-1], 

ii]) ra±o3fett*+'L^bfc*a»wft^ft^s»r6 oae^fcart 

5„ 5^ B B B $ffi [ill] Sr5tWti-5»^(ctt % ft®i&*>bk VtiMmm<DB 
iO@^Wl 2 0SO^S8T*^tl5. tfcoT, ^WSr^'C^ Lria^6 

(nxi2 0l) ^Jt*B*f6<l»ClHltebfcffi.S§I^Sr*-rsr «b tmcM&T* 
hZ> (nl*SftTfc5) o 
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fe*Lfc0ffc<B»ft*fc (mz-tt, [0 0 1], [-1 1 1] , [_ 110]i 

XW: Cl-ll] ) iHldr^^fft^r^^t Lfc*B*fW 9 o»§: 

i$rSl * t5 « ^> »** CllO] Sr3fc#^i-*»^»CW:, JtH^afc 

T»S^9 0«+ (nx 18 050 *f tt*@*f#Jl£HI]£K Lfctt«§B«*#-f -5 c £ t 
ffi, «&WT?^5 h-yy^3fe^tf4, lilted***®© l^fc^-UTW 
Xttit«Ufc*|«ii-C|| J fc5^i7-4r»oRJt«|-et>A<, Hfctt, B$Lfc*H 

H 4 tt, P L icKJt 6 tiZ&Zi U^Xtc^f ©Alt^ TAW 

msc^ mmm<D^m^i&m-r^m-^m^m.m-r^tzib(Dmx\ -Knot 

73% L fc iBMcD^^ u v Xtc Alti" -5 ft 5 Miff * L T l> -5 „ 
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^L/bfBficol&^t/^X^ 0 5 Ctc^LfclBScDi^uvXt &M.&&t>-&ti t 
# CD IS bb $4 <D m L T </ > 3 o 

ft u :/ xaimij <d mft \s v xco^n m cdibb & m l x v •> s 0 

ft \s >- X CO - co & ^ ^ x CD & & $4 O ga M 3: ^ b X V > 5 o 

IU7B«. ^©iFr^J^W^^-r^m-^^^t^PJi-sfcfeOUlT*, @7AC 
^U/ciagO^^^X^A^^^fC^-f^lgS^fi^^b-C^-So 

07C(t m®ft<D&w*i&mirzm-^m&m.w-t2>tiib<Dmx, -Mv-g 

ft u >> X co ftb, ^ ^ ^ 1/ ^ X co W & *4 O SB g £ ^ L T V > 5 0 

1217 Dwt, ^e^co^^^teM-rsm-^fe^i^pj-rsyh^coniT*, ®7cc 
m7E«, m®ffi<D&w&&m^zm-^fe&®,w-t-ztctb<Dmx^ m7A(^ 

^LfclBMcDlt^u^X^IU 7 Clc^LfcIBScoli^l^X^ Sr^^-tirfc £ 
i7 Ftt, 1g®^fco^^^{g:^-t-5m-^^l^^1-5fc*coElT% -*fco^ 
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So 

Pis & ^ n — <d — #j % ^ -rm x &> s o 

? t vx<7}u^?/uRtmyt®immb ur^v^^wi^, ^m^t^p new 

5/ h^^ic^^te^-r^,, • k ■ -y ^jj&tDmytmwx 

*mm-tz>mw%m% i os, ^^?;\sR*&ft-tz>-**? **r-*>t lx<du 

3fcJKl Of*, Ar Fxdr^^f (3818«« 1 9 3 n m) , F z U—^F 
^1 5 7. 6 2 4 nm) ^020 Onm«T©l IF 3fe 5. 
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^=yM2©-« (Alt*) lC»tt$tLr*59 % :©t'-A7 7 f^a 
~yhl 2(D{\Hi^ (m*tm) f4, rtflHcy 3fc^3R«ri*jjBLfc^ 37* l 3£tf- 

g.ftm&*3-ikirz>bk*>\z^ mfernvt mz.&. rjemk, -m&. 4 

m*K:iae£*Lfc&Bqfi* ^^^^R±^*3*t-5fiaW3te©BRIt«!«S:^-r 

^(DmUit, mWyt<DWZ-M:k£l&ZX s t¥ (77{W/^-)A:CaF 2 ) % 7 y 
ft.-* (M g F 2) , ^^-ffcy^^A (L i F) , 7s/^!)i?A (Ba 

F*)\ :7 Wfc^ hnyf7A (SrF s ) , LiCAF (=i/U^-y^ h : L i C 
a A 1 F e) % LiSAF (LiSrAlFe) , LiMgAlFe, LiBeAl 
Fe, KM g F 3x KCaF 3> KS r F 3 f ©7 ^tti H B B , Xf* - P> ©ilife, 

,*>5v>f4^ -ym*?*mm<D®i'g.t: h~~yLrc&$zffijrW. M&$%wt%mT&-r?> 

57)5 i 5 OnmllJ: Di< fcS £3igsjsaMftTi-3 fci6. 1 5 0 nmg 

fit, (7yfk*/^^^A) „ 7 y<k-rnns9j* s ^Wfcy ^-^a, 7^^ 

^y^A, -7 y\\L* V n ZsJ-yJ*^ LiCAF (n/i^^ h) „ LiSAF 
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(LiSrAlFe) % LiMgAlFe, LiBeAlF., KM g F 3 , KC a 
F 3% KS r F *m<D7 vitW%££hXte^tl<b<Dm£i 3 &{£.m£th% 0 

ft. i tmmye^m i os t<Dm<o%m <,v— ^ y =5-^7 y 1 

&«3, ftJKi 1 I O S i^*^RfflJ©3t^$|s*t 

0. 5~ 1 nmUm<D#Mife-emtii'fZ >0 

iFrafc^*^ (wyXi^) ©^?>^l/4 4 1/5, xr±l/6i|6/JvffiF4s<z> 
P>©3fe^«^P He Alt U — ^©tt^MBISrfcas, tfcl&3te¥3R P 
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i? vVcDfl'^V A : C a F 2 ) , 7Wk^^'>^ (M g F 2) % 7yi£V^- 
V A (LiF) , y^lt^V -7 A (B a F 2 ) , 7yit* (S r F 2 ) 

L i CAF (=1^^^ > : L i C a A 1 F 6 ) , LiSAF (LiSrAlF.) % 
L iMgAl Fe, LiBeAlFe. KM g F 3 , KC a F 3% KSrF ^<D7 y 

Sfcft, l 5 0 n mS^T©lt$^3feSr«W3ti Utffl^S»^(Ctt, 

^y-fby^^A, 7s/ft^y^i., 7yi£* f oyf!?^ L i CAF 

h) . LiSAF (LiSrAlFe) % LiMgAlFe, LiBeAlF 
s . KMgFa. KCaF 3 , K S r F C 7 y ^^^3^14 : tl f> ©j| B B B ^f ffi 

Wjprtg.i:^ix x *0>te«J&BUi % ^«J^1 9 ?rffl^fcl/- if 2 lKJzoT 

— f n-y^* % fcV^^*) « % »^3te*3RPL©«ffiT«lteH 

fiO. 5~ 1 nmSAw^lgTy Tyu^-C -McfttliJ £*b3 0 
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-y^^XL3,»iEuyXL4 4 ^XiG2, G3,iluyXL5, 
h-yy^VyXL6, h — i> J/ * 1/>XL 7 , iluyXL8, 

&U^>-Xi¥G4~-G 6 SrlEMU-r^^tL-CV^S,, ^LT, SM^PLtt, 

ft"J <£> nWC'T- l^-fe >- h y >y tr t t£ o T V * -5 o 

P LlCtm^tbTil^Xi^G 1 % ill/yXL 1 % h-y7^l/yXL2, h — 
!)y^^yXL3,-4ll3EU^L4 : U>Xi¥G2, G3, IjE^XL5, h 

-y-^uyXL6, F-yy^i/yXL7, MjEi-^xls, x^uvx^g 

^£*V3 0 -f/jit?*,, + x$4(Cf^oX^ B B B$* [100] #5, + y m^^X^^s 

♦ft [pio] ^ +zWctM[ooi] *s*ix-en^$n5„ 

£/c, z x^B^C^^T/Malli [10 0] &tftj!rAtt [0 0 1] |^LT4 

5m<Dftm.*t£-tij[ii\\z.&a%m [101] x yw-mpuzis^xm&u n o 

0] £.tW|$A*ll [0 10] iZttl^X 4 5 m&te-rjjfaiz&gkn [l l 0] ^ y 
z ^mftKtel^Xlfegkm [0 10] RVm&IA [0 0 1] ^tT4 5SSr^t 

^teteAMi [oil] &*:ti^in%lfe£inz> 0 xk:+x«u + y«u z 

^ft^^•L-c^b^^^^/ c ^i-^■fp]^c^ H e B ^ft [1 1 1] 7bmfe&tiz> 0 

fcJ:?^ ^t?tt, El3f nmX7jki-&£k$& [ill] ^fft, S^^n^^jffi 

fc*Ei^<z>«£A«i [-ill], [i-ii], [ii-i] ^rfij-r-tt, «js*f 
T-fe^o pits^ iu3 tpmmxTF-rife&n [100] , [01 
o] , [ooi] ^r^]{-*5v^Tt>, tomm&m*m im*) x$>z 0 -3>, in 3 
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+mm-e^-r&&w ciio], cioi], [o i i] N Rtf^tKbcDMi&m 

tmffiteTFm^CD&gk®! [-110], [-101], [01-1] JjfaXte, 
fi£oT. %;&<Dl&gk®l [10 0], [111] <^frl£iiip;)fc(coi^Tf*, m 

m$r®E. (w.^z>®ytm*:^-fZ}2'D<D%m%(Dm$xmm tt^c^v^ 0 .tor. 
f^-c«^5 ^^^mvyt^m+oym&m [mi xte&&m n oo] 
t p l max £ as-grr <s * ? Kt^-rtu^ ^axi^lt 

^m^mt-r^t^^^n±c^\ mz, n 1 0 ] w^^xmtrx 

t-te, 0!l;t«r*NI*li [011] [011] 

[0-11], [110] m<D£?ic. n^mm±m:^mx.xmu &m) -r 

^ai [110] ©tfE^tjot, [011], [0-11], [HO] ©i 

1^X1.2, h-y7^UyXL3, IIl/yXL4, U->-XStG2, G3, 
8, &t> 4 U>X|fG4~G 6<Dffltfb LTffl^fclil^te, St^^PL^ 

^mmmm^^^xn. ^iT^-r^m^m^x^ Mmtffmcmm-r^^w 

^T^-^-S FSrtf-L/cSp®^ &l£ft^P L^tt^fci^&l^X (Mittf, 
fitjEl^XL 1 ) «9 , AX 1 f*^^ K^X<D3tttSr^ b 
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AX 1 f£*tLT 1 om<DX$tnx^ ft^-CR2 £tt L^Rteftifcb AX 1 iC^UT 
2 0^?>A#hST% ffCR3 ^#L^nfi3fe«lAX 1 iZM^X 3 0^(DAtt^ 
T\ t?fCR 4 ^#LfcR(i^*|&AX 1 M*j-LT4 om<DXftnX\ £fc, f?-^- 
CR 5 ^#L/cR(i5fe$AAX 1 I^LT 5 0|£<DAlt^T% ^^uyX^l 

5 D ft, rcD#Sli*iNI STOJohnH. Burnett <b t£ £ o TJi^ £ tltz^m 

*k i5cii v — M<oi&^ui/x<Dmx<D^u>'X<Difegkm<Duw.*7F'rmx 

fa (ftfft^ffa) \z&l£&ti. tocD^ B B B tft [i o 0] , [010], [001] a* 

{CfcfLT 1 0 Al<H-5}fe3l€, ft$li)AX 1 (C^LT 1 O^W^^T'A^ 
-TSftifu ftS&AX 1 l:»LT2 0&<7>*|&T?A*f-r<53ft3£, 3fe$4AXl{C^L 
T 3 O^co^^T'At+i-5^^, 3fettAX 1 1:^1X4 0 gOfimx^ft-t 3 % 

3ft, 5i^7t$[&AX 1 (C^UT5 0ft©A«-eA*tr*3t*^-t*vJetL*b-c^* o 

0*19, ID 5 BlC?ift<Sl"C^cFttfc 5 0©PJii>n'tt % @4CifCRl-CR5t' 

^-r sooDRfc-eH^ettffi^-rso r©*ieiiii5F, H16B, ®6d; ei6f n 
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ittc Ei5B, nj5D, a^ei 5 f ^^a^fii^^^j^rt ^mmm^^-r^m 

F v 07B,'B7D, -K.t*EI 7 FfcoV^TfclRl«-C*>3 0 

H€B&t>B5D*#J|R-*-** % )felii-tLTV^ISi$4 [l i 

s/t, ^ah [ioo] , coio], [ooii jt&ttA 

**ffl#f*Sr*i-«*a»f©<CV^*t*5. 35 tc, [110], [10 

1] r [Oil] (c^fSf^fi, «*rRj©{S3tlcMi-S®Jf*^sjt«W/h$ 

*N&41t [ill] Sr3fe*li»!:-S:S-e:fc«>«r©^u^x-c«, »b35. 2 

6^ (sniwi [ill] ct^Hiift [110] t<Dt£-?j$m <omm^\^x. m 

^•Ctt, IISf^t'fe5^$iii [l 1 0]., [10 1], [0 11] OS 

*l^©«*fc^5ffl*f*aMN$v%*JBJf««asat5i tic**. 

JohnH. Burnett bfc&oXl&m StLfcSfc— {4, 3 5 ^H^JeUitf) A&hfc £ 
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*iAXlo^|:R£^tk>5i:t5. £©3M5fe«t, 

[10 0] ^^W^Sr-^^-yr, J.o3ttt«r^^^^bT-*fO^U^XSr 

^O^^^XoiSftttOEaSr^i-B-ci,^. hi 6 A2fct*EI 6 cz&m-tz 

[10 0] ##lc*Sffifc:M&;efft Otett^riSj) Mig^t^ ttKDfa&m 

Cioi], [i-io] , [10-1], [iio] &%:n^fiyt%3<Dm y> -e 

ft, B6.A»t;H6CK*J^ttt, ^hfHf® [10 0] lc*tfaLTJt.fc£#fc:36 
^oTtt5#?:jflfft^LtV^^ 0 tifAtt [10 1] tl/iot 

jL*S*£A«l [0 0 1] , &Afti| [1-10] tl*otM5^ B 1«| [0-1 

o] % m&*& [i o-i] tmte^x&zLzmgkm coo-i] , m^m [1 1 

0] tl^ctltSgli [0 1 0] T-fcSo 
HI 6 At^U^gBMo^uvXtcAAti-S^lcSti-S^JB^fftSr® 6 Btc N 

^fh^i~ 0 m6BRTfiW6D&&mi-Zb. 3Mtifc-&LT^S£rA«l [10 0] 

Ignite [HI], [1-11], [-11-1], [li-i] t^tS* 

oi], [io-i], [iio], li-i oi izMifc^-zmm*. mj?m<D 

mm#tmmttez> 0 z<d£?\z^ &m<Di'>xm*x-te, »t,4 5i (&a 
«j [ioo] ^^jua [ioi] t<otj:-fftm) (ommizte^x % mm$tm(DB 

1216 Ef*, ®6 A(c^bfclHgO^^U>Xi:IEI6 CtC^L^SHtt(D^^lx> 
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^®^75Sft^T*fe^^ B B B $ft [101], [10-1], [110], 

c i o- iY (D&mm*>tbti. ytrnzM^x 4 5m<oj$m&te^m®. -r^t> 
mx*3bz> 0 tseox, &~<D^m&W:m-rz>z£iz£ [i o i] , [i 

o-i] , [iio], [io-i] ©lIWf^f^§it*<^5. 

jfcfc. 0 5 BSOTSDSri^-f 3 f ^i/yX©3fellliil^ B «i [ill] 
££-ffc£i±-TV^fci6, mJSifr^^^i:^^^^ [110], [101], 

[oil] izttfcTzmMzfcytmvmvizi 2 om(Dt°v^x*ft&is, zqo^ 
mgkm [1 00] t*-%;&^tx\,^<Dx\ mmat&mjzktezm&mi [ion , 

[io-i], [110], [1-10] i:mt5»^o (:90 g t - 

m-m£*m^xm.m$r<Dmm*feWL'rz> ^ ^ lv> 0 

5. El 7 A ~|H 7 F (CjoV^T t> . HI5 A~@5 F&tfH]6 A~|g| 6 F tmWUZ^ 

«®KSii:ft;fri*)dS3te«iAX l ^^l^(c|S^$ttTV^5 k1rz>. e r©HH#?£fi, 
-^O^uyXoe a |$ji [110] <b3t$A<h J.o^l4^^^<b u 

M<o^ i^Xgd— ^(Dik^B ^>X<Dfa&%&<DmW:$:7F-tmx-fo *) y m 7 c 
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xfi®7c&&m-rzt. span ci 10] ^mcmmizmm:^^ 
iznfetstis mco&gkmi [i o o] , coio], [ill], [ii-i] 
*ti?ti,ytm<Dm «*rrtia<E <t * 5 «t p t^gEg $ tit ^ -s D 

H7A.ftl*B7Cfc*S^Ttt* [110] fc*tUTfaa»oT*fc*#l::fi 

#oTB;t3#&«»£-e^LT^5 0 ®£k®l [1 1 1] irm^oT 

j^sgfAW [ooi] ; m&m a i-i] iMoTit5e B 9 a tt coo- 
i] r*fc^ 0 

m 7 C(C^UfciEtt©^U>XtcAlti-S3tl-jl*i-5«JB*f*«r0 7 DlC^ti 
*f*t*-*-. 0 7BatK0 7D*Mt5i:, 3fettfc-B:L-C^.5J|i&Atti [l l 0] 

■bt£&o-*1t. *£A# [10 0] , [0 10] 5 Jfc«W*#fc 

mtff&&^iTzmm$t<Dti:\,^mmbteZo J5»c s&a«i [1 1 1] , [11-1] 
in 7 in 7 AiZ7jk\^tc.mm(D^u^xtm7 a^vitmm.<o^:^eu^ 

^^^tcA«-rS3t»c*|-i-5lgffl*fftSr^i-E-Cfc5 0 ft, Hi 7 E Ul*3V>t f4 % 
El^OfP^Ji, 12 7 Cte^bfcifeA*il&ifc:fcbTBjFLTV^ 0 07F^#If 
— *f©*5l/yXS: 9 omtcVrmtt&OlzmfcZltZZ. bKX <9 , — tt<D-£ 
5U^X^fr-c«, ffi/B3r#**T?&Sii$A«i [1 10] ^*t<, 3t 
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t-3S#i-5, 3teW&*^£ Lfc^ffi^ lc*f Lt-t^St^i«r^±tS t> ©t? 

::0>teSt«\ [ill] Sr3teiWii: L/c-^-co^^i/^Xt , ftM [l o 

So Sfot, iAM [111] ?:3felfti:tfc-^©f^wyXi: ; il« [1 0 0] 

SilW [10 0] 3:3fett £ Lfc— ^©^1/^X011^1 

ft tenure bfcft^-rs®^^ J^2ffa{£#ift bfc^tc^j-rs^iif^t ©i) 

<b, *£ B B B ttj [111] Sr3fe$ft<b Ufc— *fo^^u^X<D^®tff^ifi^^5 0 - 
«0^®iff*^tl^Sr^i-5(cfi, *JS*f*©*Batc:jc£:CT, '&£k®! [100] 
Ufc-Wc^i^X©^*^ tirM [111] *Jt$&b Lfc-*j- 

tsr^stts, JMfcfftKiW:, ^#[10 0] Lfc--*f<7>j£;&uv 

x©ia®*f*tt % mM [11 1] *%wt vti— *t<D%:&u^x<Dmmffim<D 
m-i. 5^tc7tcs 0 z<Dtctb. m&m [m] ^yt^t vtc-M^m^u^ 

X^ft&SSr, ^rfitt [100] &yt$&t Lt£-M<D%:&U>'X<Dyt&&<Dm 1 . 
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ix - M co 3^ u •/ X £r 35 tcM^-g* frith tec i V \ 

HI 2 ^TjkVtz&Bft^ZkP L^ll^S^&u^X^lco^Taftfl-rSo l^>X 
S£G 1 ~ G 4 ft, P L co^^^^f^^^os^^^^^fg^ 

^lS:^£*Vfc4*fcO U^X£^T-4tJ&£*LTI/>.5„ l^Xi^G 1 ~G4Ko 
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RffiO) KlR«£*L* »«3ft*5RP LO**AX»c#LT:ia<K**r#4«Wg|* 
3MfMtffc:*BiS-*-*„ |Il^>XL4lt ^T«^tlt^5 h-y 7^ WyX 

L 3<&&®^oje»&e«i-3fcftics&tte,;h,, }>-y y? uisX 

* l/yXL3M*EuyXL4fi, ±15* JB = #«feOflrix^«:fflV^TK3fe 

h-!) S '^l/yXL2St;iIEuyXLU ) y yt l/VXL 3S 
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Ztlfz b—]) yt U>XL 2SO«ijEl/yXL 1 (C^Lt, Sg— ^XteflH^ 

^f^^m^^MlEi-^fc^O 2 h — ]) y? 2, L 3 ^AWMJ (m 

— : ^f^^Rill) (-'Hx.-CV^fctf), h — y 1/>XL 2^^|4AXJD 

f-fi, HuiziiLfc .LIBIT mH^^cofprtl^^ffiv^T^^:^t^fc^^ B WcDRff^^D 

&gW#3:{£ofc££}ft:EU'>'XL 1 tiUJteU b~-» y? WVXL 3 ^0^$ 

£fc, Mi Lfcfg— ^fe-Cf*. Alt3t3feflS3fe«lAXK:*|-LT 3 5. 2 6g©^ 

K^Sr^^Lfc b — Vy? u^XL 2 uyXL 1 (^LT, ^ZL^^^r 

^T*£ ( S«l<B4rBW'K*:89!J£L;fc h — }) y? uyXL 3 XtttilE \s yXL 4 & 
a*-&'43*5*S Xtt, m-^fe$r^VNT*t B B B |[b(D{4gM#Sr^^b^ h-y y 
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X PI- (fll;ttf % #£J&iS) £*&jEi-Sfc 

^-T^o i3EuyXL5-«:, ^^-e?f^^tLTV>S b — y y ^ i/y/L 6 ©«JB 
^©J£**^i-Sfc* KB* -fcw h—Vy? 6 &?£j5fc 

* l/yXL6WiiEl/yXL5lt ±150 # = #*©fa;h,a»*;B^T«j£ 

^i-yXL6(Dfif x i-fctofcftjgafc^jRp L(DBtffiifi{#(cga«$tt, h — v* 

%.t£s £*iIEf 5/t*&»c8S!tt bth% 0 :<Dh-y>^i/yXL7lt 
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^^XL7^lEuyXL8tt, ±15^ -* = #ttOflT*LA*«rffl^TfR* 

h — y 2/^ 6Sl>'tjEUyXL 5 t % h-y y ^l^yXL7X 

* uyXL6MjEl^yXL5(^t-C, M-^&XteSgH^^^TiM 

HI 2 iC^ UfcS^^^m P L tt\ fij&ft^ P L ***HSJiRaE*MiE 
-tZ>-M& h-y 5/^ i/VXL 6, L 7£Btffitf>5g^K4ji;t-CV^, t£oT, h 
-y uyXL 6 03t<*AXji«3<^leI^i: % h-y ^>yXL 6l^f5 
h-y 5/^ ^XL 7©^ttAXJS«9©*B^6«j*lilte^Sriil:K^b, jEfc, .ft 
'*JlAXS:*St§)S^r6l<D<aiSSriSl:iS:^-rs w £T% fi^Jfe^P LOI§I4E^«; 

U h-y y 2 uvXl 7£|eMg£iir5 < i;#K:te N L/cJbiEfg 

sic, m—mm (i^*/nnw) {cgaesttfc h-y y ^ u>xl 2, L3£ 
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^■S:/hS<«ix.oo, me^^^^Hx^^ (fllxLkf, ^^JRIS) icttS 

^fc, h-y y^l/yXL6, L7|CO^^t^), K ~ y y ^ l/yXL 2 , L3 
^PUS^as&fc: J; t), h — V l/yXL6Mh-U s/> i/^XL 7 CD 

ft^te, ^J^«^S#I^5, 8 0 5, 3 3 4^W5lXttf|i2 0 0 0 
-4 7 1 ^^^(Ci^^tltl/^o 

-XOl'IWASr^i- 5*-««*^3R (G10-G12, RF 1, RF2) <b % 

rt»-Sttift$*am2 3lS*3te^5R (G13-G18) ^tU 351^ ^3fe^ 
^P L 1 Wlilte^^^f&sptftllSr^jE-rSMiE^^ (L1-L4) £ % 

Tfe^^ (L5-L8) b*mttZ> 0 
&-*£ffc3te^ (G10-G12, RF 1 % RF 2) f4 % I-0)tiAX 1 \Z. 
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^#G11, G 1 2, S.U?Ha®^^RF^^S^T^6 0 ^VXiGlO- 

B^T^^^^rig^i-Sfcfe^^g^jiS^^TV^o ^— (G10-G 
12, RF1, RF2) KiS^X, 3tB*f 9 ft If ®£R F 1 ©RU® t'RIt $ tbfc 

ftte, UVXi¥Gll, G 1 2%MSK:frLTQfl®St*^RF 2^Stt£*K l?t>* 
UVXG12, GllSriiiflU *K*f U * tf »R F 1 0»J<DSA*ffi^fBj^ 5 . 

ttt, r(D3feSS^f 0 ftlf^RF 1 <Dm<PK$fiffi<DT5:m\^, ls'7-*jisR±<Ds*# 

m-l&iMift.^ (G13~G18) IS— ©3fcteAX 1 KiBoTffilB^tl/fc. 
ItOWyXUGl 3~G1 3k-U^77^^ (alt) *$J»t5fc 

fe^P^US^fU m-*iN§l#^ (G10-G12, RF 1 v RF2) 

MtEJt^Zk (L1-L4) tt, iiEl/yXLl, h-Vy^W>XL2 > 

5~L8) 11, iiEl/yXL5, h-y y ^l/yXL6, h - y y * WVXL 7 , 
RXJ^miEU^XL 8 Sr$t;t3 0 ^tb £ filH 2 LfcftJB£3te^9B P L 1 #flo;L3' 

^oT. fctlEl^XL lRXfi V v 9 uyXL 2 «: UNCI'S £ <b t>K s 
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myt¥%k%mm-rz>- t&xzz> 0 

r-yzf • t> k • ^^ir ^x^mitmw&m^mifxmw l/c#, ^^^^ • 

££ft<5 ^0-Cfi^< , #iJxJ;f$tS 14 6 nm(DK r 2 ifft^, 1 2 6 n 

mOA r 2 ^-^f^m^(DM^^ytm^m^^xh^\ 

351^ LTDFB^U-fXli7 7'f^-L -ffatbmm&tlZfa 

—*f<D3£M®.M%l. 5 1~1. 5 9 fxm<D$&mfot-t-Z>ks 1 8 9 

-1-99 nm©rBirttfe5 8flFffi||&. Xfi38£«ftjdS 151-159 nm<D 

SS^&g&l. 5 4 4 — 1. 5 5 3 iim«|51rti:t5i % Mj^f^ 
19 3 — 194 nm©girt(7) SfgifSff^, "T^^^A r F ^ U — if % t 

mzm-m&ttezmftyttmbti, 1 . 57-1. ss^m^i 
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fot-tZ>b. 1 5 7- 1 5 8 nm<D&m\*l<D 1 OffiFSnWjfc, -ftet>1b 

f *^-^%bmzm-m&kt£%mft%&mbfr2> 0 &mwi&&\. 03 

~ 1 . 12 n mCDmmftt-tZb. 1 4 7- 1 6 0 n m©t&ffll*lT-ifc 

5 7ffif*W«[iSffl^7*tL % 4*m»ig«[ftSr-l . 0 9 9- 1. 1 0 6 M mOf5fflrt 

157-158/1 mOtQfflF*3(D 7{^i«P^ N t4t)*>Ft U 

-y ^uyXL2) tife(Di]Ei/yX (#J;ite\ liEuyXLi) 

TVNTt>m< . mifrtfc© h-y 5/^ t/yXi^LtittlcoijEi/yX^Sfi: $ 
titv>tta^o is. L> i ftxte^ifctfccD h — y y ^ ^vx^itMl^v 

-y^l/^XL2) £ *fIESWLl) ttt, cattle 

3te $4 \z & o t ia^ l {c ia@ $ ti z> >&m ttig&i* l t> & < . Etna l -c Eg <* h 

5 (clS^ $ 3 n b b ft Z> o 

(lcd) ^^^tfx-< ^y^4 (DU^m^^hn, 7*^4 xs<*—>-% 
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m, EuvDfegt, xmmytmm, Rvn+mmytmwKt'x&mtstizi'?- 
*-y-*fc^%mytmw\zt>*mm*mmx*%z> 0 ::t-, duv 

^ D ^v^ (ic^lsiw»^, ^h^/k ccd, mmm 
>r *<vmm • tttBtsth (fan ^JMfc^'W^isig&tatHS) 
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2 6 (K^t^? 0 ) tCfcVNT, ±Xm.m^V Vtf^7*< isx^rj* (^fcigjg) 
ttiUttZ^y^^y^J: K)*®L«)3kZ> 0 tit, ^fs//29 

(^^S2 6) IC&^T, ±IECD^|gt)f©^^(Cj:S^tt|g<D^b^^< 

* tta ^zum^m^x/b^<n^hKtcm%mmi^m^h^^ti^>, u-^^^ 
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8. Htffi^-3fe^^^BtfEm-3t^*r(i, ^C0^ B B B $6 [10 0] 

co^ B B B $4 cioo] tytm&jicmffitem&mt. mtzyt^m<Ditmttfm£- : gk 

9. tiJfEm-^^WS^HtlB^-^^Wfi, -^(D^^fft [111] Xl*Z 

<d^b b b $4 [11 1] ^^^^tc^^^ei^i, mm%.^<D?tifottfmz-m 
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i"5 <fc 5 i-Sae$tL5lf 1 2p£> 7 (Dt^fix^ 1 3filcSB«E<03t^5R 0 
1 0. ffllB^-^^IH5*tS.U ; BtJlEm-3fe^«-«, *:tf>*t£«i [110] XI* 
[110] ^3t^tcW^M^#<b, Mmt&m<Dfttok&m£- 

* < i: t l KDmmyt^nvst 

1 3. K»-*^«P#XtJ«lWrfE*-3fe^<B*t, IfeWc, BufB^H3fe^»^t/ 
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SffirttcjsiNTSV^fcE^t-S 2^riSHcd3»t«^!7— a* lifts I — iP s/^Sft^ 
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